Background: Although we observed that subcortical cysts near the attachment of the meniscus or cruciate ligaments are frequently seen with a tear or degeneration of the adjacent meniscus and/or cruciate ligament, there is no large study describing the prevalence, distribution, and associated findings of these cysts. Purpose: To evaluate the prevalence and distribution of subcortical cysts near the attachments of the meniscus or cruciate ligaments and evaluate pathologies of the meniscus or cruciate ligaments using magnetic resonance imaging (MRI). Material and Methods: We reviewed 1009 knee MRIs for the presence of subcortical cysts near the meniscus or cruciate ligament attachments and evaluated their size, location, edema of the adjacent bone marrow, and integrities of the medial and lateral meniscus and anterior and posterior cruciate ligaments. Results: The 110 cysts were found in either the middle (n ¼ 56), posterior (n ¼ 52), or anterior (n ¼ 2) subspinous regions. Sixty-two were at meniscal root insertion, including seven at the lateral meniscus anterior horn, five at the lateral meniscus posterior horn, 48 at the medial meniscus posterior horn, and two at the medial meniscus anterior horn. All were associated with an adjacent meniscal pathology. Of the 34 cysts at the anterior cruciate ligament (ACL) insertion, 28 had ACL pathology. Nine cysts had surrounding edema in the adjacent bone marrow. Conclusion: Subcortical cysts at the subspinous region of the knee were seen in 9.6% of knee MRI examinations. Most were in close proximity to the meniscal or cruciate ligaments with associated pathologies, suggesting that abnormal stress on the bone induces cyst formation.
Introduction
A wide variety of cystic lesions may be observed during routine magnetic resonance imaging (MRI) of the knee. Among them, subcortical cystic lesions at the subspinous region of the tibia, especially, near the attachment of the meniscus or cruciate ligaments, are uncommon incidental findings (1, 2) . They are known as insertional cysts (2) (3) (4) . Although the etiology of insertional cysts is controversial, they most likely originate from focal bone resorption due to chronic abnormal stress at the insertional site of the ligament (1, 2, 4, 5) . Several previous studies have reported on these cysts (1, 2) . However, there is no large study describing the prevalence, distribution, and associated findings of these cysts at both the meniscus and cruciate ligaments attachments.
The aim of the present study was to evaluate the prevalence and distribution of the subcortical cysts near the attachments of the meniscus or cruciate ligaments and evaluate any associated abnormal findings in the adjacent meniscus or cruciate ligament on MRI.
Material and Methods
Our institutional (Samsung Medical Center [SMC]) review board approved our study (SMC 2016-05-036-002) with a waiver of informed consent.
Patients
We retrospectively collected the study group from a large consecutive series of patients, aged 18 years or older, who were referred for routine non-contrast knee MRI obtained at our institution between January 2015 and January 2016. The patient population consisted largely of individuals referred by orthopedic surgeons.
A total of 1155 patients who underwent routine noncontrast knee MRI were identified; 135 patients with a history of previous knee surgery or arthroscopy were excluded. Eleven patients were additionally excluded for the following reasons: (i) tibial fracture (n ¼ 6); (ii) osteonecrosis of the femur or tibia (n ¼ 2); and (iii) inflammatory arthropathy, including rheumatoid arthritis (n ¼ 3). Finally, 1009 patients (555 women, 454 men; mean age ¼ 61 AE 8.1 years, age range ¼ 24-80 years) were included in the study.
MRI protocol
The MRI examinations were performed using a 3.0 T machine (Gyroscan Intera Achieva, Philips Medical System, Best, The Netherlands) with a dedicated knee coil (Invivo, Gainesville, FL, USA). Each patient was scanned in the supine position with mild knee flexion. Coronal T1-weighted (T1W) turbo spin echo (TSE), axial T2-weighted (T2W) TSE, axial fat-suppressed (FS) proton density (PD)-weighted TSE, sagittal PDweighted TSE, and sagittal FS PD-weighted TSE images were obtained. Thereafter, three-dimensional (3D) isotropic intermediate-weighted (IW) fast spin echo (FSE) sequences with refocusing control (volumetric isotropic turbo spin-echo acquisition [VISTA]; Philips Medical Systems) with or without FS images were obtained. The detailed parameters are summarized in Table 1 .
Imaging analysis
Two musculoskeletal radiologists (JYS and YCY with 1 and 13 years of experience in musculoskeletal image, respectively) evaluated the images by a consensus. MR images were assessed for the presence or absence of subcortical cysts at each insertion site of the anterior horn of the medial meniscus (MMAH), posterior horn of the medial meniscus (MMPH), anterior horn of the lateral meniscus (LMAH), posterior horn of the lateral meniscus (LMPH), and at tibial insertions of anterior cruciate ligament (ACL) and posterior cruciate ligament (PCL). We also evaluated the size and location of the cysts, presence of adjacent bone marrow edema, and pathological changes of the meniscus and cruciate ligaments, including degeneration and tears.
A cyst was defined as foci of markedly increased signal intensity in the subcortical bone with rounded and well-circumscribed margins and no evidence of internal marrow tissue or trabecular bone on the both T2W and PD-weighted TSE images.
For the size of the lesion, maximum diameters were assessed in the antero-posterior, medio-lateral, and cranio-caudal directions on the sagittal PD-weighted TSE and coronal 3D IW FSE with or without FS images, using an electronic cursor manually. It was measured on digital images magnified by a factor of 2. The location of the lesions was determined on both sagittal and coronal images in nine subregions, divided by the following anatomical location of the tibial insertion site of the meniscal root and cruciate ligament ( Fig. 1 ): (i) anterior subspinous region: the MMAH root insertion; (ii) middle subspinous region: from the LMAH root insertion to the LMPH root insertion including ACL tibial insertion between LMAH and LMPH; (iii) posterior subspinous region: MMPH root and PCL insertion. MMPH inserts directly anterior to the PCL insertion (6) . The lateral meniscus insertions are intimately associated with the ACL tibial insertion. The LMAH inserts directly adjacent ACL and has intermingling of fibers with anteriomedial and posterolateral fibers of the ACL (7). Anterior fibers of the LMPH insert directly adjacent to the posterior border of the ACL insertion (6) . The middle subspinous region is subdivided into the five following subregions: (i) LMAH root insertion (Fig. 2) ; (ii) LMAH root and ACL insertion: cyst covers both LMAH root and ACL insertion sites; (iii) ACL insertion (Fig. 3) ; (iv) ACL and LMPH root insertion: cyst covers both ACL and LMPH root insertion sites; (v) LMPH root insertion. Posterior subspinous region is subdivided into the following three subregions: (i) MMPH root insertion (Fig. 4) ; (ii) MMPH root and PCL insertion: cyst covers both MMPH root and PCL insertion sites (Fig. 5) ; (iii) PCL insertion.
The meniscal and cruciate integrity in patients who had at least one subspinous cyst were evaluated. Meniscal degeneration was defined as non-articular, focal, or globular increased signal intensity within the meniscus. A horizontal tear of the meniscus was defined as a horizontally oriented line of high signal intensity within the meniscus that contacts the meniscal surface or free edge. A longitudinal tear of the meniscus was defined as a vertically oriented line of high signal intensity within the meniscus that contacts one or both articular surfaces. A radial tear of the meniscus was defined as clefts oriented perpendicular to the free edge including a root tear, which is an abrupt loss or blunting of the anterior or posterior horn meniscal tissue adjacent to the root meniscal insertion. A complex tear of the meniscus includes a combination of radial, horizontal, and longitudinal components (any two or all three) (8) . Degeneration of the cruciate ligament was defined as diffuse thickening of the ligament with intermediate signal changes of the fiber. Complete tear of the cruciate ligament includes acute and chronic complete tear. Acute complete tear was defined as ligament discontinuity and an abnormal high signal intensity with no depiction of the cruciate ligament. Chronic complete tear was defined as diffuse midsubstance low or intermediate signal changes of the cruciate ligament without visualization of the fibers. The criteria of diagnosis of acute partial tear include the absence of primary signs of complete tear in conjunction with discrete focuses of high signal intensity within the midsubstance of the cruciate ligament or high-signal intensity changes at the insertions with a normal course of cruciate ligament. Chronic partial tear was defined as focal midsubstance low or intermediate signal changes of the cruciate ligament with partial visualization of the fibers (9) .
We evaluated the bone marrow adjacent to the cyst for the presence or absence of edema. Bone marrow edema was defined as poorly marginated areas of signal within the trabecular bone that are hypointense on T1W TSE images and hyperintense on FS PDweighted TSE images.
Results
Among 1009 patients, 110 cysts (10.9%) were observed in 97 patients (9.6%); 13 patients had cysts in two separate locations. Mean age of patients with cysts was 63 years (range ¼ 46-80 years). Of the patients, 56% (n ¼ 55) were women and 44% (n ¼ 42) were men. Mean maximum diameter in the antero-posterior direction was 4.5 mm (range ¼ 1.9-13.6 mm), medio-lateral direction 4.2 mm (range ¼ 1.6-13.2 mm), and cranio-caudal direction 4.9 mm (range ¼ 1.9-12.1 mm). Detailed location of the cysts, presence of meniscal or cruciate pathology, and bone marrow edema are summarized in Table 2 .
Of the 110 cysts, 56 were located in the middle subspinous region, 52 in the posterior subspinous region, and the remaining two in the anterior subspinous region.
Among the 56 cysts located in middle subspinous region, 34 were at the ACL insertion, 28 (82%) of which had ACL pathology (22 degenerations, five partial tears, and one complete tear). All seven (100%) that were found at the LMAH root insertion had LMAH pathology (four degenerations and three horizontal tears). Among the ten that were found at the ACL and LMPH root insertion, one (10%) had LMPH degeneration and six (60%) had ACL pathology (five degenerations and one partial tear). All of the five (100%) that were at the LMPH root insertion had LMPH degeneration. Subcortical cysts could not be located at the LMAH root and ACL insertion sites where the cyst would have covers both the LMAH root and ACL insertion site.
Among the 52 cysts located in the posterior subspinous region, 48 were located at the MMPH root insertion and all of them (100%) had MMPH pathology (25 complex tears, nine horizontal tears, nine radial tears, three degenerations, two longitudinal tears). Among the remaining four located at the MMPH root and PCL insertion, one had PCL degeneration and two had MMPH pathology (one complex tear, one degeneration), and one had both PCL and MMPH degeneration.
Two cysts were located in anterior subspinous region at the MMAH root insertion site and both (100%) of these had MMAH pathology (one radial tear, one degeneration).
Of the 110 cysts, 62 were located at the meniscal root insertion including seven at the LMAH, five at the LMPH, 48 at the MMPH, and two at the MMAH. 
Discussion
The aim of this study was to describe the prevalence, distribution, and adjacent meniscal or cruciate pathology of subcortical cystic lesions at the subspinous region of the tibia. The prevalence of these cystic lesions was 9.6% in the patient population referred for routine non-contrast knee MRI examinations at our institution. Almost all the cysts were located in the middle subspinous region (50.9%) or posterior subspinous region (47.3%). All (100%) of the subcortical cystic lesions at the meniscal root insertion, including the LMAH, LMPH, MMPH, and MMAH, had adjacent meniscal pathology. Although we do not know the prevalence of meniscal pathology of the entire population of our institution, meniscal pathology was found in all cases with a subcortical cystic lesion at the meniscal root insertion. Of the 110 cysts, 30.9% (n ¼ 34) were located at the ACL insertion, 82% (n ¼ 27) of which had ACL pathology. However, no cysts located at the PCL insertion site could be found. Of the 110 cysts, 12.7% (n ¼ 14) covered both the meniscal root and cruciate insertion sites. According to previous studies, various terms have been used to describe a subchondral or subcortical cyst of the knee, including intraosseous ganglion cysts, subarticular degenerative cysts (geodes), and insertional cysts (4, 10, 11) . Their distinctive features are often unclear and it seems likely that overlap is present. Among the cysts occurring in the subspinous area of the tibia, the focus of this study were cysts that were near the attachment of the meniscus or cruciate ligaments.
The meniscus is maintained in optimal position during knee motion by various direct and indirect attachments to the tibia and femur. Direct fixation of the meniscal roots to the central tibial plateau by fibers originating from the anterior and posterior horns is critical to proper biomechanical function of the meniscus (7, 12) . These central meniscal attachments have welldefined relations to each other and the cruciate ligament insertions (Fig. 1) . There is intermingling of fibers of the LMAH root with anterior and lateral fibers of the ACL (7) . Anterior fibers of the LMPH insert directly adjacent to the posterior border of the ACL insertion. MMPH inserts directly anterior to the PCL insertion (6, 7) . Considering the close proximity of the cruciate ligament and meniscal root insertion site, cysts in both the meniscal and cruciate ligament insertion sites, as well as their associated pathologies were evaluated.
Two previous studies describe cysts similar to those we studied. McLaren et al. found 15 cysts at the insertion site of the cruciate ligament in 1710 knee MR examinations (2). Although they did not demonstrate a significant association with cruciate ligament or meniscal pathology, 10/15 patients in the study had meniscal pathology. Didolkar et al. found 20 cysts at the insertion site of the meniscus in 200 knee MR examinations and they demonstrated that 15 cysts at the insertion of the medial meniscus had statistically significant association with meniscal pathology (1). However, only 20% of cysts at the LMAH insertion site and 50% of the cysts at the LMPH insertion site had lateral meniscal pathology. They did not evaluate ligamentous abnormality, unlike our study, where all (100%) of the cysts at the medial and lateral meniscal root insertions had adjacent meniscal pathology. Considering the close proximity of the cruciate ligament and meniscal root insertion site, we separated the cysts that covered both the meniscal root and cruciate insertion sites from the cysts that only covered the meniscal root insertion site. This may be the cause of differences between the data.
Although the etiology of these cystic lesions is not well-known, two previous studies proposed that these cysts are degenerative phenomena due to abnormal stress on the bone (1,2). These stresses result in a focal necrosis of the bone, which then liquefies, resulting in the formation of the cyst (1, 2, 13, 14) . Our findings of the presence of adjacent meniscal or cruciate pathology in these cysts suggest the possibility of abnormal stresses on the bone and are consistent with the reported hypothesis.
Some previous studies describe subchondral cysts in tibia associated with osteoarthritis (15) (16) (17) . Several methods for semi-quantitative assessment of knee osteoarthritis include not only articular cartilage morphology, but also subchondral bone marrow lesions and cysts, the meniscus, the ACL and PCL, the collateral ligaments, and synovitis. The MRI Osteoarthritis Knee Score (MOAKS) is in widespread use and this method includes subchondral bone marrow lesions and cysts. These bone marrow lesions and cysts are usually located in the weight-bearing area covered by cartilage. They are thought to be formed by repetitive microtrauma that leads to a localized area of subchondral necrosis with secondary cyst formation (14, 18, 19) . In contrast, the cysts in our study were located at the meniscal or cruciate insertion sites, but not in a weight-bearing area or covered by cartilage. Only nine of the 110 cysts had surrounding edema in the adjacent bone marrow. Although the cysts in our study were different from the subchondral bone marrow lesions and cysts in MOAKS, they were thought to be associated with meniscal or cruciate pathology, which is associated with osteoarthritis. Changes in position (subluxation or extrusion) and meniscal morphologic change (tears or loss of substance) have been shown to predispose to cartilage loss that represents osteoarthritis (20, 21) .
Our study has several limitations. First, we may have had a selection bias due to the retrospective design. However, we tried to include as many patients as possible from a large consecutive series of patients referred for routine knee MRI. Second, the integrity of the meniscus and cruciate ligament was not evaluated in patients without subspinous cyst, so we do not know statistical significance of association between subspinous cyst and the integrity of the meniscus and cruciate ligament. However, the presence of subcortical cysts at the meniscal root insertion can help to turn more attention to adjacent meniscal lesions because all (100%) the subcortical cystic lesions at the LMAH root insertion, LMPH root insertion, MMPH root insertion, and MMAH root insertion sites had adjacent meniscal pathology. Third, arthroscopic evaluation was not performed and true pathologic changes or integrity of the meniscus and cruciate ligaments was unknown. Lastly, we did not perform a cadaver study and pathologic evaluation of the cystic lesions.
In conclusion, the prevalence of subcortical cystic lesions at the subspinous region of the knee is 9.6% in the patient population referred for routine non-contrast knee MRI examinations at our institution. Almost all the cysts were located at the middle subspinous region (50.9%) and posterior subspinous region (47.3%). Most of them were associated with meniscal or cruciate ligament pathology that was in close proximity, suggesting that cysts may be caused by abnormal stress on the bone. All (100%) of the subcortical cystic lesions at the meniscal root insertion had adjacent meniscal pathology. Therefore, presence of subcortical cyst at the meniscal root insertion can be an indirect sign of degeneration or tear of the meniscal root and meniscus and can help turn more attention towards the adjacent meniscal lesion.
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